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(57) ABSTRACT

An electrochemical process for the preparation of water-
soluble colorants, particularly triphenylmethane colorants
and other water soluble technical dyes, 1s disclosed. In this
process, the anode 1n the electrochemical cell comprises an
open pore carbon material having specific void volume and
surface area characteristics. A preferred electrode material 1s
a carbon felt pad, preferably between about Y16 inch and ¥4
inch 1n thickness. This process provides faster reaction rates
than electrochemical processes using standard electrodes, as
well as higher yields compared to processes using chemical
oxidizing agents.
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ELECTROCHEMICAL PRODUCTION OF
DYES USING GRAPHITE FELT
ELECTRODES

TECHNICAL FIELD

The present invention relates to an electrochemical oxi-
dation process for the production of colorants, particularly
triphenylmethane colorants.

BACKGROUND OF THE INVENTION

Triphenylmethane (TPM) dyes have been historically
produced 1n 1ndustry using chemical oxidizing agents like
sodium dichromate, lead dioxide and manganese dioxide.
While such processes are well known and are practiced in
industry, the use of such chemical oxidizing agents can
present environmental and waste disposal 1ssues which, in
order to be handled effectively, imncrease the costs for the

practice of the process. One of the main advantages of an
electrochemical process 1s that such processes use electricity
to drive the reaction rather than using reactive chemicals.
Electrochemaistry eliminates the hazardous handling of these
chemicals, the cost of buying them, and the final disposal
costs of the spent metal byproducts. This an excellent
example of “green chemistry” which strives to develop
environmentally benign processes.

[t has been shown in the literature (U.S. Pat. No. 4,775,
451, Habermann, et al., issued Oct. 4, 1988) that TPM dyes
can be formed by the electrochemical oxidation of their
corresponding leuco dyes using expensive electrodes coated
with precious metal catalysts. The anodes utilized 1n the
Habermann, et al. process are made from metals, such as
fitantum, tantalum or niobium, surface doped with metal
oxides. The patent teaches that the surface of the electrodes
should not be roughened (see column, lines 38—40, and
column 4, lines 29-34). The patent also teaches that the
presence of low levels of a C,—C, alcohol, urea, a urea
derivative, or a mixture of those materials in the solution
being oxidized will produce high yields of high purity TPM
colorants.

The use of graphite carbon felt anodes has been disclosed
for several types of electrosynthesis reactions. See, for
example, Peacock, et al., Tetrahedron Letters (2000), 41(46):
8995-8998. However, such electrodes have not heretofore
been taught for use 1n oxidation reactions for the formation
of colorants, and triphenylmethane colorants 1n particular.

The present 1nvention provides an electrochemical oxi-
dation process for the preparation of colorants, particularly
triphenylmethane colorants, using graphite carbon felt elec-
trodes. Surprisingly it has been found that the use of such
clectrodes 1n this process provides reaction rates which can
be as much as ten times faster than the rates found using
precious metal flat electrodes, and can provide process
yields as much as ten or fifteen percent greater than current
plant processes utilizing chemical oxidizing agents such as
manganese dioxide. These excellent results are accom-
plished using electrodes which are considerably less expen-
sive than the precious metal electrodes described in U.S. Pat.
No. 4,775,451. Additionally, the improved reaction yields
and reduced cycle times allow the oxidation to take place 1n
smaller or fewer electrochemical cells thereby greatly reduc-
ing capital costs for colorant production. Finally, the present
invention allows for the synthesis of colorants, particularly
TPM colorants, without requiring the use of chemical oxi-
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dizing agents, thereby eliminating any environmental or
safety considerations regarding the use or disposal of such
agents.

SUMMARY OF THE INVENTION

The present invention relates to an electrolytic process for
the preparation of a water-soluble colorant (for example, a
triphenylmethane colorant) by anodically oxidizing the
leuco compound corresponding to said colorant, comprising
the improvement wherein the anode comprises an open pore
carbon material having a void volume of at least about 90%
and a surface area of at least about 100 cm®/cm”. A preferred
material for use 1n this process comprises a graphite carbon
felt pad having a thickness of from about %52 of an inch to
about 1 inch, preferably about %5 imnch.

The present invention also relates to a process for the
preparation of a water-soluble triphenylmethane colorant
(such as a diaminotriphenylmethane containing from two to
four sulfo groups) comprising anodically oxidizing the leuco
compound corresponding to said colorant 1n an electrolysis
cell divided into an anode space and a cathode space,
wherein the anode 1n said cell comprises an open pore
graphite carbon felt pad.

All percentages and ratios stated herein are “by weight”
unless otherwise speciiied.

All patents and literature references described herein are
incorporated by reference into this patent application.

DETAILED DESCRIPTION OF THE
INVENTION

The process according to the present invention is carried
out by introducing a solution of the leuco dye into the anode
space of an electrolysis cell which 1s divided into two and 1s
cequipped with an anode which comprises an open pore
carbon material, such as graphite carbon felt or reticulated
vitreous carbon, backed with a solid anode for electrical
contact. The cathode space contains an electrically conduc-
five solution, preferably a mineral acid. Electrolysis 1is
carried out at a potential of from about 1 to about 4 volts,
preferably from about 2 to about 2.5 volts.

The process of the present mnvention may be used for the
preparation of any water soluble colorant which 1s prepared
by the oxidation of the leuco version of the final compound.
Examples of such colorants include triphenylmethanes, fluo-
rans, xanthenes, azines, oxazines, and related dyes. These
classes of colorants are all well known 1n the art. The
reaction 1s particularly useful for the preparation of triph-
enylmethane colorants, and particularly diaminotriphenyl-
methane colorants containing from two to four sulfo groups.
Examples of materials which may be made using the process
of the present invention include Acid Blue 9 (C.I. 42090)
[2650-18-2], FD&C Blue 1 (C.1. 42090) [3844-45-9], Wool
Violet (C.I. 42650), [4129-84-4], FD&C Green No. 3 (C.I.
42053) [2353-45-9], and related dyes.

The anolyte solution 1s generally an aqueous solution
which typically contains from about 2% to about 50%,
preferably from about 10% to about 20%, of the leuco
colorant material. The anolyte solution may additionally
contain from about 0.5% to about 25% of an 1onizable salt
material, preferably sodium chloride. The presence of this
salt tends to increase the yields provided by the process of
the present invention. The flow rates of both the anolyte and
the catholyte through the cell are relatively high. Pumps are
typically used 1n an electrolysis cell to circulate the anolyte
and catholyte. High flow rate 1s important in the present
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invention since these dyes can easily be overoxidized 1t left
in contact with the anode for too long a period of time.

The catholyte 1s an electrically conductive aqueous solu-
tion. Preferred materials for use as the catholyte are mineral
acids, such as dilute sulfuric acid.

A key aspect of the present invention 1s the nature and
identity of the anode. The anode 1s comprised of an open
pore carbon material, such as graphite carbon felt or reticu-
lated vitreous carbon, backed with a solid anode for elec-
trical contact. Examples of such materials include reticu-
lated carbon electrodes and open pore graphite carbon felt
pads. Preferred for use 1n the present invention are open pore
carbon felt pads, typically having a thickness of from about
142 1nch to about 1 inch, preferably from about Y1s 1inch to
about 2 1inch, most preferably about %5 inch. They typically
have a void volume of at least about 90% (preferably at least
about 95%) and a surface area of at least about 100 cm®/cm”.
In a typical anode, a solid electrode, preferably graphite, 1s
used to distribute the electrical current throughout the felt
which 1s held against the surface of the solid graphite.
Another example of material useful 1n the present invention
is reticulated vitreous carbon (RVC), commercially avail-

able from Electrolytica, Inc., 87 Westwind Lane, Amherst
N.Y. 14228. RVC 1s an open pore foam material composed

solely of vitreous carbon. Vitreous carbon 1s a form of
glass-like carbon which combines some of the properties of
glass with some of those of normal industrial carbons. RVC
has a very high void volume (about 97%) and high surface
arca combined with cell-supporting rigidity, low resistance
to fluid flow, and resistance to very high temperatures in
nonoxidizing environments.

Any standard material, such as stainless steel, may be
used to form the cathode in the present invention.

Organic anion and cation exchange membranes have
proven usetul for separating the anode space and the cathode
space. Examples of suitable 1ion exchangers are polymers
and copolymers of styrene, styrene and divinylbenzene,
styrene and maleic anhydride, acrylates and divinylbenzene,
olefins, perfluorinated olefins, and vinyl chloride and acry-
lonitrile, which carry sulfo groups and/or primary, secondary
or tertiary amino groups or quaternary ammonium groups as
charge-carrying groups.

It 1s preferable to use cation exchange membranes and
dilute sulfuric acid as the catholyte. The concentration of the

sulfuric acid 1s preferably from about 2% to about 20% by
weight.

Aqueous solutions of the leuco compounds are used as
anolytes. The concentration of the leuco compounds in the
anolyte 1s as a rule from about 2% to about 50%, preferably
from about 10% to about 20% by weight, based on the
solution. The anolytes may additionally mclude 1onizable

salts, and particularly sodium chloride, at a level of from
about 0.5 to about 25% of the solution.

The process of the electrolysis reaction 1s preferably
followed by use of a spectrophotometer to measure the
increase 1n color. When no more color mtensity 1s seen, the
oxidation 1s stopped.

The anodic oxidation of the leuco compounds 1s carried
out in a temperature range of from about 0° C. to about 90°
C., preferably from about 25° C. to about 30° C. External
cooling coils may be used to remove the heat of reaction and
maintain the desired temperature.

The following examples are mtended to be 1llustrative of
the process of the present invention and not limiting thereof.
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4
EXAMPLES

Example 1

To an anolyte reservoir was added 1299 ¢ of 10.75% Acid
Blue 9 leuco. This was recirculated through an SU Electro
MP Cell manufactured by ElectroCell AB (Sweden) using a
centrifugal pump with a 2 HP motor. As it was recirculating,
the pH was lowered to 3.4, and 161 g of sodium chloride was
added. To the catholyte reservoir was added 1300 g of a
solution containing 60 g of sulfuric acid, 160 g of sodium
sulfate and 1080 g of water. A DC power supply (model
100B from Rapid Electric Co.) was set to maintain 4.0 amps
to the MP cell which contained two 4x4x1% inch graphite felt
pads (GF graphite felt, commercially available from Elec-
trolytica, Inc., 87 Westwind Lane, Amherst N.Y. 14228) on
both sides of a solid graphite anode. The cathode consisted
of two 4x4 1nch stainless steel electrodes. The temperature
was maintained between 24° C. and 27° C. throughout the
oxidation and the pH was held above 2 with 50% sodium
hydroxide. The voltage ranged from 2.0 volts at the start of
the electrooxidation to 2.2 volts at the end. The current was
shut off after 158 minutes, at which time the strength of the
dye (Acid Blue 9) being produced ceased going higher. The

dye solution was removed from the unit and found to contain
139.5 ¢ of Acid Blue 9 or close to a 100% yield.

Example 2 (Comparative)

To an anolyte reservoir was added 651 g of 10.75% Acid
Blue 9 leuco. This was recirculated through an Electro MP
Cell manufactured by ElectroCell AB using a centrifugal
pump with a 2 HP motor. As the anolyte was recirculating,
81 g of sodium chloride was added and the pH lowered to
3.4. To the catholyte reservorr was added 1300 g of a
solution containing 60 g of sulfuric acid, 160 g of sodium
sulfate and 1080 g of water. A DC power supply (model
100B from Rapid Electric Co.) was set to maintain 4.2 amps
to the MP cell which contained only a solid 4x4 inch
ographite anode—both sides of which were used. The cathode
consisted of two 4x4 inch stainless steel electrodes. The
temperature was maintained between 24° C. and 29° C.
throughout the oxidation and the pH was held above 2 with
50% sodium hydroxide. The voltage ranged from 2.5 volts
at the start of the electrooxidation to 3.1 volts at the end. The
current was shut off after 40 minutes because the dye (Acid
Blue 9) was being produced very slowly. The dye was
removed from the unit and found to contain only 11.2 g of
Acid Blue 9 or about a 15% conversion.

Example 3 (Comparative)

To an anolyte reservoir was added 1200 ml of 10% Acid
Blue 9 leuco. This was recirculated through an Electro MP
Cell manufactured by ElectroCell AB using a centrifugal
pump with a ¥2 HP motor. To the catholyte reservoir was
added 1200 ml of a solution containing 40 ml of sulfuric
acid. A DC power supply (model 100B from Rapid Electric
Co.) was set to maintain 1.75 amps to the MP cell which
contained only a solid 4x4 inch platinum on fitanium
anode—both sides of which were used. The cathode con-
sisted of two 4x4 inch stainless steel electrodes. The tem-
perature was maintained between 35° C. and 45° C. through-
out the oxidation. The voltage ranged from 2.2 volts at the
start of the electrooxidation to 3.1 volts at the end. The
current was shut off after 1680 minutes because the dye
(Acid Blue 9) was being produced very slowly. The dye was



US 6,984,303 B2

S

removed from the unit and found to contamn 100 g of Acid
Blue 9 or about a 82% conversion.

The results obtained are summarized 1 the following
table.

TABLE 1

Comparison of rates using different anodes

Rate (grams/min

FExample Anode used of dye produced) Conversion
1 1/8" graphite felt 0.87 100%
on solid graphite
2 solid graphite only 0.28% 15%
3 smooth platinum 0.06 82%

on titanium

*Rate 1s faster for the first 15% and slows as 100% 1is approached.

What 1s claimed 1s:

1. An electrolytic process for the preparation of a water-
soluble colorant by anodically oxidizing the corresponding
leuco compound comprising the improvement wherein the
anode comprises an open pore carbon material having a void
volume of at least about 90% and a surface area of at least
about 100 cm?/cm”.

2. The process according to claim 1 wherein the colorant
1s selected from triphenylmethanes, fluorans, xanthenes,
azines and oxazines.

3. The process according to claim 2 wheremn said open
pore carbon material 1s a carbon felt pad having a thickness
of from about %42 1nch to about 1 inch.

4. The process according to claim 3 wherein the colorant
1s a triphenylmethane.

5. The process according to claim 4 wherein the void
volume of the open pore carbon material 1s at least about

95%.

6. A process for the preparation of a water-soluble triph-
enylmethane colorant comprising anodically oxidizing the
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corresponding leuco compound 1n an electrolysis cell
divided mto an anode space and a cathode space, wherein
the anode 1n said cell comprises an open pore carbon felt pad
having a void volume of at least about 90% and a surface
area of at least about 100 cm*/cm” and wherein said leuco
compound 1s present 1n an anolyte solution.

7. The process according to claim 6 wherein the felt pad
has a thickness of from about %452 inch to about 1 inch.

8. The process according to claim 7 wherein the anode 1s
a graphite base covered at least 1n part by said carbon felt
pad.

9. The process according to claim 7 wherein the anodic
oxidation 1s carried out at an electrical potential of from
about 1 to about 4 volts.

10. The process according to claim 9 wherein the anodic
oxidation is carried out at a temperature of from about 0° C.

to about 90° C.

11. The process according to claim 10 wherein the anodic
oxidation is carried out at a temperature of from about 5° C.

to about 30° C.

12. The process according to claim 10 wherein the anolyte
solution contains from about 2% to about 50% of the leuco
compound.

13. The process according to claim 12 wherein the anolyte
solution contains the corresponding leuco compound of a
colorant selected from Acid Blue 9 (C.I. 42090) [2650-18-
2], FD&C Blue 1 (C.I. 42090) [3844-45-9], Wool Violet
(C.I. 4265) [4129-84-4], FD&C Green No. 3 (C.I. 42053)
[2353-45-9], and related dyes.

14. The process according to claim 12 wherein the anolyte

solution additionally contains an 1onizable salt at from about
0.5% to about 25%.

15. The process according to claim 14 wherein the 10n-
1zable salt 1s sodium chloride.
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